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LATERAL~CONTROL CHARACTERISTICS CF VARIOUS SPOILER
ARRANGEMENTS AS MEASURED IN FLIGHT

By J. Richard Spahr
SUMMARY

The lateral-control characteristics of several spoiler arrangements
located neer the wing trailing edge were investigated in flight. It was
found that, in all cases, the control response was satisfactory and that,
except for a reglon of low spoliler effectivensss for small control ds-
flections, the variation of rolling effectliveness wlth control deflec-~
tion was smooth and nearly lineay. The rolling effectiveness for a
given spoller deflection was found to incresse with airspeed. The con-
trol forces varied smoothly but at an increasing rate with control
deflection, leading to a low degree of control feel for small spoiler
deflections. With a system which consisted of spollers in combination
with small wing-tip allerons, the effectiveness and coatrol-force
characteriastice were exceptionally good, especlally at high speeds.

The yawing characteristics of the various spoller asrrangements were more
favorable than those usually assoclated with allsron control and the
lateral contyrol in inverted flight was adeguats.

TNTRODUCTION

With the current trend toward higher wing loadings and the desira-
bility of lower landing speeds, Increasing interest 1s being evinced in
the characteristics of lateral-control systems permlitting the use of
large- or full-span flaps.

Results of previous wind-tunnel and flight investigations, reported
in references 1l to T, have indicated that one of the more promlsing lat-
eral-control devices for use with full-span flaps is the cilrcular-arc
spoiler located near the wing trniling edge. Previous flight tests of
this type of lateral-control surface (references 6 and T) were -limited
to low speeds, and no control-force or hinge-moment measurements were
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obtained during those tests. Flight. investigations, which included mean-
urements of control-force, hinge-moment, snd high-speed characteristics,
were conducted at the Ames Aeronautical Laboratory for various spoiller-
type lateral-control arrsngements on three airplsnes. The lateral-con-
trol characteristice from these investigations, determined chiefly in
abrupt rudder-fixed rolls, of the following airplanes and sygtems are pro
sented and discussed in this report:

l. A combination of circular-arc spollers with wing-tip ailerons on
a Northrop P-6lA airplene, stendard for this airplane. Teste wers per-
formed over a sizable speed renge (meximum Mach mumber of 0.68), and in-
dividual spoiler and alleron hinge moments were measured.

2. Circular-arc spollers alone on a Northrop P-6lA airplens. Tests
were conducted with the wing-tlp aillerons locked in. the neutral position.

3. Plug-type vented Zap spollers on a Vought-Sikorsky 0SZU-2 airplane
modified to accommodate full-gpan Zap flaps.

k., simpls circular-arc spoilers on a Vought-Sikorsky 0S2U-2 airplane
modified to accommodate full-span Zap flaps.

5. Upper-surface flap-type spollers on a normal 0520-2 airplans,
standerd for this alrplane, The tests were performed while the slotted
wing flape were fully deflected, under which condition the allerons are
dropped asnd inoperative, and the lateral control is supplied by the
gpoilers alone. Coe

SYMBOLS

The symbols used in this report are defined as follows:
Ay normal acceleration factor, the algébraic sum of thc components,
along the airplane Z—axis, of thé airplane acceloration and

the acceleration due to gravity, ‘in terms of the standard
gravitational unit (32.2 f£t/sec2)

b wing span, feet
c local wing chord, feet

mean aerodynamic chord, feet

o]

F lateral~control force, appllied tangentially to the
control wheel or normal to the control-stick grip, pounds
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lateral control force d.ue to aileron action, pounds

lateral—control force due 'bo spoiler a.ction, pound_s

glleron hinge moment, positive when tend.ing to move the a,ileron
downward, inch-pounds

spoiler hinge moment, positive when tending to move the spoiler
downward, inch-pounds :

pressure altlituds, feet
control-stick length or wheel radius, inches

rolling velocity, radiens per second

pb/EV' tangent of the helix angle generated by the wing tips

radius of spoller, inches
true airspeed, feet per second
indicated alrspeed, miles per hour
sldeslip angle, degrees
alleron angle, the algebralc difference between the angles of
the two ailerons measured from the wing chord line (left when
the lef+t aileron is up), degrees -
control-wheel or -stick deflection, degrees = . _
spoller angle, the angular deflection of the upward-deflscted
spoller about the hings line, as measured from the position

for which the upper edge is coincid.en‘b w:.‘bh the wing upper _
surface, degrees -

DESCRIPTION OF LATERAL-CONTROL ARRANGEMENTS

The followlng is & descripbtion of the more important physicel

characteristics of the test lateral-control systems and airplanes.
Detailed specifications and dimensions are given in the appendix.
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Arrangement I - Circular-Arc Spoilers and Wing-Tip
Allerons on a Northrop P-61A Airplane

This lateral-control system (standard on the Northrop P-614"air-
plane) coneisted of a combination of upper-surface spoilers located for-
ward of the flaps and small unsealed plain-flap-type allerons at the
wing tips. The spoilers were of a sglmple cilrcular-arc type with the
center of curvature coincident with the hings line, and contained. 3/ll~ v
inch~diameter holes which reduced the total spoilsr area by epproximate-
ly 20 percent. Details of the control surfaces are shown in filgure 1 and
2. The wing slot through which the spoiler operated was providsd with a
faired seal on the lower wing surface, as shown in figures 1 apd 3. . -
The spoilers were partially mass-balanced and the ailerons were complete-
ly masse-balanced. The degree of mass unbalance and friction in the con-
trol system, as measured-on the ground durlng slow movements of the con-
trol wheel, are indicated by the curves of figure 4, The kinematics of
the control system, as measured under no-load conditions are shown in fig
ure 5. 8The development of this lateral-control system is reported in ref-
erence 8,

The airplene was equipped with slotted flaps which extended approx-
imately 82 percent of the wing semispan from the alrplane.center line.
Dotails of thé outboard flap pansls, the slots of which wewe fabric-
segled, are shown in figure 3. A three-view draw_ing of +the airplane is
presented in figure 6; figure 7 shows the airplane with the flaps fully
extended; and sketches of the flap and wing-section countours are pre-
gented in figure 8.

Arrangement II - Circular-Arc Speollers Alone
on a Northrop P-61A Airplane

This arrangement was the same as Arfangement I except that both

allesrons were fixed in the neutral position.
Arrengement IIT - Plug-Type Zap Spollers on a Vought-
Sikorsky OS2U-2 Airplane with Full-Span Zap Flaps

This arrangement consisted of plug-type vented Zap spoilers 1nstalled
on a Vought-Sikoreky 0S2U-2 airplane modified to accomodate full-gpan
circular-src Zap flaps. Detalls of the sgpoilers and flap are presented
in figure 9, and a view of the spollers and flaps fully extended is shown

in figure 10. The kinematics of the control system are presented in flg-
ure 1l, and & three-view drawing of ‘the alrplane is shown in figure 12.
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Arrangement IV - Circular-Arc Spollers on a Vought-
Sikoreky 082U-2 (Zap) Airplane

The plug-'by:pe spoilers of Arrangement IIT were replaced. with
simple circular-arc-typs spoilsrs having the center of curvature above
the hinge line. Detalls of the surfaces are shown in figures 13 and
1k, and the control~s_yétem kinematics ars presented in figure 135.

Arrangement V - Flap-Type Spollers on a

Vought-Sikorgky 0S2U-2 Alrplanse

This arrengement, stendard on the Vought—Sik,orsky 0s2u-2 airplane >
consisted of flap-type spoilers forward of the slotted fleps and wing-
tip Prise-type allerons. Details of the surfaces are shown in figures
16 and 17. As the flaps were lowered, a gradual transition from control
by allerons to control by spoilers occurred, and simultaneously the ailer
ons became drooped (both deflected downwerd). With the flaps fully de-
flected, lsteral conbtrol was by spoilers alone, the silerons remmining
fixed ‘in a drooped. position (approx. 29 down). The tests reported here-
in were conducted for this condition,. the kinemetics for which are shown
in figure 18. A three-view drawing of the airplane is présefited in
figure 19. .

INSTRUMENTATION

The. test airplanes were equipped with standard NACA photogrgphically
recording. instruments by means of whic;h the following gquantitlea were
meagured: indicated airspeed, lateral-control-surface or control-stick
posi‘bions, angular velocities, lateral-control force, normal a.cceleration,
am‘a‘_ a.pgle of sirleslip. : ; - -

A ys:w vane and a free-~ swiveling airgpeed head were mo‘unted. on booma
extending approximately one chord length shead of thé wing tips.

For the tests with Arrangements T a.nd. II,” inclivid.ual spoiler a.nd.
ailsron hinge momernts were meassiured by neans of” resistance type stra.in-
gage unlts mounted on the push-pull rods of the surfaces and connscted
to a recording oscillOgra;ph. . S . e
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TESTS

The flight testes reported herein consisted primarily of ebrupt left
and right rudder-fixed rolls at verious aeirspeeds for the following com-
binatlions of flap and power settings: = o - —:.

-

.\

’ : Flap and gear | Cowliflap
Condition Power settingt getting poaitioﬁ
Power-on clean Normal rated Up2 ) Open
Wave-off Normal rated " Down . ‘Open
Glide - Off TUp? ' ~ Closed
Landing off Dowvn Clousd_

1See appendix for engihe~power.ratings.
2Gear retractable for Arrangements I and II only.

The airplane gross weights and center-of gravity locations at take-
off for all the tests corresponded approximately to the normal velues
glven in the appendix. Except as otherwise specified, the tests were
performed at pressure altitudes of from 6000 to 10,000 feet.

RESULTS AND DISCUSSION

Response Charactoristics -

The‘rolling responseé of an airplane to lateral-coptrol deflections
may be measured by the time required for the eptablishment of the maxi-
mum rolling acceleration following. the abrupt dsflsction of the controls
te a predetermined position. Criterions based om prévious test resulis
and pilots'! opinions have been pramulgated in references 9, 10, and 11
in the form of meximum satisfactory time-lag values of 0.2 second (refor-
ence 9 and 3.75 c¢/V seconds (references 10 and 11). =

Time histories of typical abrupt rudder-fixed rolls are presented
in figure 20 for the various latersl-control arrangements. These
records show that -in the critlical low-speed conditions the lag was equal
to o less than the values mentioned in theé treceding paragraph. Al-
though in a few cases the pllots noticed lag with spoiler contraol which
they belleved slightly greater than that with normal aileron control,
the response charsacteristics of the various test control systems were
consldered satisfactory.

»
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- These response charscteristics are in agreement with the results
of the investigations, reported in references 3, 12, and 13, which
have shown thet the lag with spoiler- t;ype surfaces is & function of the
chdirdwibe - Lock¥ion on the wing end thét, for the spoller locations for
the-“testé reported herein (70 or'80 percent ‘of ‘the local wing" cherd. -

---'from the ‘_leadlng edge), the lag should. be satisfactorily small

At high airspeeds, abrupt lateral—control deflections” cauéed. a
sherp momentary decrease in normal acceleration (fig. 20(a)), an effect
asgociated with the sudden decrease in 1ift due to spoiler action., This
characteristic was not noticeable at low speeds and. vag not coneidered
seriously objectionable by the pilots.

The effect on the response characteristics of changes in flap and. -
power settings appearsd to be negliglble.

Rolling Effsctivensss

Values of pb/2V corresponding to the peak rolling velocities were '
determined from records similar to thése shown in figure 20, and are. -
presented in figure 21 as a function of change of spoiler e.ngle from
that for bala.nce.‘ These .curves show that .for all test arrangements and
conditions the rolling effectiveness varied smoothly with spoiler. angle.
but that a region of low effectiveness was preseny for sma.ll spoiler
angles. The latte? effect may.be ‘attributed to the low effectiveness of
the spoiler when operating in the wing bound.ary 1s,yer. As would. bo ex~—
pected, this effect was less pronouriced with. spoiler—aileron control T
(Arrengement I) then with pure spoiler comtrol (A¥rangement II). Al-
though not considered seriously obJjectionable. frop & piloting stendpoint,
the low effeotivaness near neutral led. toward a tendency to - Qvercontrol
somewhat at low speeds, ‘such as in approaches and land.ings. . e

...... - . ~

‘I‘he d.ecrease\in tlg,e .8lope d(pb/ev)/dqs with increasing spoiler Jangle
for sizable oontrol defleotions resulted frem the: fact that, .as-shown .in
previous. investigations, . pb/2V’ is more neanly’ proportional 0 the spoil-
er height .ahove. the wing than to theispoileriangle.  The variatidn ol
pb/2V -with spoiler height was found to be nearly linear. The . résults .
for..Arrongements TIT and IV. {(fig. 21) and for s modified versiom:of %’
Arrangement IV :indicate ‘that for a given spoiler height, .the ‘effectlve~ -
ness.: of these rad,ically d.ifferent surfaCes was.of the same order T

T "'77 e -,-' --‘~

From & pilot‘s ste.n&point it is clesi_rable tc haWe a.: ilnear varis--
tion betwesh. ph/AV ; and ‘control~wheel or ~stick deflection. ' Owing to
the ralatively .ddrge smount of Gifferentlal associated with’ gpoilar -
systems (mee figs. 5, 11, 15, and 18),-conversion .of spoller angld to
wheel or stick deflection resulis in very nearly linesr variations of
Pb/2V  with cockpit control deflection.
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. The usual: criterion for the rolling power of a lateral-control sur-
face is- the mq@;mum value Of, the rolling affectiveness pb/2V attainable
with full-cop%rol deflection. Values of 0.07 or greater have been found
adeguate. for satisfactory handling gualities of most tirplenes (refer—
ences 9, . 10, and 11) but for fighter-type airplanes, voaluee of 0.09 ¢r
greater are considered dssirabls. (See reference 10.) Maximum values of
pb/2V corresponding to full control deflection, as obtained from figure
21, are given‘;p the following table:

P . . -

e

I I I LN . '-.! -
S LA e BT it T

'
'.\-’:

R B SR 7 Arvangement
Condition I II o IIT v v
Power-on, clean ) 1 ' . e
110 mph 0.070 0.038 0.073 0.070 | ~----
265 mph 072 .0kg R N I
Wavg-off '
100 mph | .096 053 | .070 -070 0.060

It is estimated that, should the spoilers for Arrungement II”be extend-
. ed to the wing tipe, the maximum values of pb/2V probably would be in-
creased about 40 percent: It should be pointed out that the lateral-
control. surfaces of Arrangament T wore designed to glve a maximum .

pb/EV of O, 07, and’ & method by which a spoller system can be desigped
to give 4’ gpecified valua of maximum pb/EV 18 1nd1cated in reference 8.

" Effect of airspeed. The- curves of figure 21 ghow that for the
epoilers tested, pb/ay for a glven spollér deflection increased with
airspeed. It is-noted that thle effect, which is not characteristilc.
of alleron control, 1ls less for the spoller-alleron system of Arrange-
ment T than for the’ corresponding pure’ spoller system (Arrangement II).
The -superiority of ‘spollers over -allerons In this respect 1s dye In
part to ‘the smaller torslopal loads associsted with gpoilers and honce
the emsller reduction .in rolling effectlivensss. due to wing twist,
espoelally at high spsedss 4dditionsl Lfactors ‘which contribute to :
this increage in. pb/EV ‘with alrspeed ars .lncreases in spoiler sffao-
tiveners with decroases in wing angle of attack, the more favorable
yawing tendencies of gpoilers especiglly at high speeds, and increases
in Mach number. High-speed wind-tunnel data of references 14 and 15
and vecerit dete on f£1le 'at Ames laboratory gbtained in the Ames 1- by
3%-floot high-speed wind tunnel have shown that the spoller effectivencss
incredsed with Mach numher up to vaelues slightly above the critical, be-
yond‘which g sharp decrease occurred.

rad
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tBestsl - obtairied with a two-dimensionsl ficdel wing showed ‘that wiﬁh :
e deflected slotted flap the spoller effectiveness was zsro or-of ‘the”
" wrong '’ sign ‘at small spoiler angles. It was found that with tie flap ‘slot
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erct of fle.p deflection.- Comparieon of’ the cﬁrves 6f figure 21

. for the varicus cénditions shows that, with power &lther on o off; del

flectlon of the flaps appreclably increased the pb/EV o'bta.ined with
a given spoiler d.eflee‘bion e:b 'bhe sams airspeed.. ’ aan
- Tl

Results of flight tests with Arra.ngement I and of wind.-’bunnel

- e

sealed, #5 was’fhs outer panel slot for Arrenge’ments I ‘and’ II, “this ef-

" fect was eliminated, “but ‘the flap effectiveness was red.uced.. A pbssible
‘explanation of this characteristic is that the’ spoiler, when defledted a

small emSunt, ceiisés af increase in the alr flow through the £l¥p slot,
end the resulting increased lift of the flap opposes 'Qhe wing-lift re-
duction dud o spoiler a.ction. o LT -

L. -t

Effect-of power,- Comparison Of the curves for the” ;pdwer -on’ cleé:a
conditions (fig. 21(a)) with those for thé glide condition (fig. El(c))
shows that, especially at low alrspeeds, p‘b/E’V for Arrangement I was
narkedly increased wlth application of power, due chiefly to the in-
cregse In slipstream veloclty over the spoilers which were located
sufficiently inbosrd to be affected. This effect, to a slightly larger
degree, would also be characteristic of Arrangement II, and, as would
be expected, a similar effect of pewer was noted for Arrangements III
and IV but not for Arrangsment V.

Control-Force and Hinge-Moment Chara.cteristics

Chenges in lateral-control force from the values.for bglance were
determined from time histories similar to figure 20 and.are’ presented.
in figure 22 as & function of change in spoiler a.ngle, These data rep-:
resent ‘the maximum values neglecting the initial peak veclues and os- .
cillations of control force attributed to the relatively large inertia
of ‘the control gystems. The corresponding values of. individual spoilerl
and.’ e.ilero;l hinge moments for Arrangements T and . IT a:re presernted in
figures 23 to 26. The measured spoller hinge moments . include -the e:f—.._
fects of spoller mass unba.la.nce, and these values ha.ve 'been designated
as total hinge moments. The total hinge moments corrected for the ef-
fects of static mass unbalence from figure.l are denoted serodynemic
hinge moments. '];hese hinge moments wer'e measured. at the ini'biel maxi— :
mum valuss (neglecting inertia effec’cs) " C e e e, :

Spoiler aileron control. "I‘he curves of ffgure 22 ;for Ar;'angumen'b I
show smooth and nearly ;L* neax. va.ria’cions of cpntrol force wi'E"E spoiler -

- - S g e L:-..ah L

TFrom data on Tile ot Ames laboratory. T
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angle for all conditions, The pllots considered. the magnitude of these
.. farced exceptionally good: (not sxcessive at high speeds and sufficient
fo:z‘ ‘Pasl at- low speed.s) in relation to. the corresridhding ‘values of pb/2V.
PR

The curves of fdgure 23 show an increasing rate ©f change of hinge
moment with respect to spoiler angle dHg/dbg as the spoiler was de-
flected fraom risutral. Small negative asrodynamic hinge moments were
present .over a -‘s8lzable spoller-angle range near zero, both up and down,
.eppecilally at low alrspeeds. As shown in previous investigations, these

~ i1 effects are characteristic of thils type of epoiler., It iminoted that the

<ty mass unbalance  In' the system was sufficlent to counteract the negative
- hinge momente: in most:cases. The variations of aileron hinge moment with
~ adlerom angle -(fig. 2k) were essentially linear in all casss, as is char-
. ac‘qeristic o;E' a.plain con‘crol surface without aerodynamic balenca: ..
The con'bribution of both spoiler a.nd ailsron action to the total
lateral-control forces of Arrangement I hes been computed from the hinge
e moments- (Flge..:23;and 24) and the kinema,’oics of _the system (fig. 5) by
v;.'_ mea.na of”; the fpllowing*equations. o

Hs dss l_ ’ (1)

T T o
Ha. daa’ .
“tded ) - Fg = 7 d6g " (2)

_____

“These" ’Values, a.loqg with the tpta.l control forces measured direct:il.;r,L
) presentad in. figure 25 ag funotions of spoi,l.er angle. The relia-
bilitg of: the Izinge—moment date presented herein’ is Indicated by the
_“dlosé agreément ‘betiveen, the computed total force curves and the test
y point_s‘.m"’.];'he turves Of figure 25 show that the contribution of the .
T&Ellervns 4o the tota], gontrol foree. is paramount and that .the spoiler
) contributj,gg 15 S1a1), except. for larde gpoiler angles. This prodom-
.. inante of" e.i],eron influence. is largely responsible for the desirable '
=boﬂa.l con%rol force variation wi'bh spoiler angle. .

) Cix:c -arc spoiler control.- Ihe curves of figure 22 I‘or the
ETreiiat ARo- -spoiler sydtems (Arrangeme.nta II, III, IV) show a region
of low forces for emall spoller angles and an increase in, the rate of

. .Change of control force with, spoiler angle. dF/d.S as the spoller

. ‘angle 1s increased... The. hinge-moment, data of. Arrangement IT (fig. 26)
' show similer charscteristics. The low :f‘orces for emall spoiler angles

""" “result partially from spollsér operation in the” low~Veloc11:y region of

the wing boundary layer.
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The control forces for Arrangement IT (filg. 22) were considered
too light for desirable control feel and for pioper self-cerntering
tendencies of the control. Larger control forces could be provided
by the action of a suitable plate lnstalled normal to the spoliler upper
edge, and the control fesel could be further improved by some mechanlical
megns, such as the use of springs In the system or a spoiler upper-edge
plate which Has a differential motion. -

For spoilers such as those used in Arrangement 11T, additional ef-
fects on the hinge-momen‘b characteristics are encountered, such as cir-
culation around the upper plate, .around the vene, and through the various
vent holes. Results of supplementary flight tests of Arrangement III '
with minor modificatlions showed thet a reduction in the upper-plabte area
resulted in an epproximately proportional reductlion in the control forces
and a rotation of the vane nose upward resulted in very slight decreases
in control force. It appeared that nearly all the control force origi-
msted Trom the upper plate. e .

An additlional meens of providing large enough control forces for
control feel 1s to have the spoller center of curvebture at z small dis-
tance above the hinge line, as in Arrangement IV. The curves of figure
22 show the large forces resulting from the small offset used. It is
noted that the general nature of the curves for Arrengement IV is sim-
ilar to that for the other circular-arc¢ spoilers, Supplementary tests
conducted with these spolilers modified so that the center of curvature
was even Tarther above the hinge line resulted in proportiocnately high-
er control forces. . -

It eppears that sone improvement in the varia.tion of control force

.with spoller angle could be effected through a spoiler design in which

the center of curvature veried along the height so as to give a larger
rate of hinge-momen‘c increase at low spoiler angles and & reduced rate
at larger angles. However, the use of offset-type cilrculsr-arc spoil-
ers neceasitates an increase in the gap in the upper wing swrface, re-
sulting in a consequent adverse effect on the a,erod.yna:mic character-- .
1stics of'bhewing. S N -

e -t R

Flap type- spoiler.- As would be ! expec'bed, 'bhe curves of figure 22
for the flap-type spoilers (Arrangement V) show nearly linear variations
of control force with spoiler angle, The pillots considered the control
forces too lsrge in view of the relatively low ra.tee of roll obtaina,ble
with thils a.rrangement. o : e

3 R
—— e e = T T s —n tem—

T Ya.wing Characterlst;.cs ; i

The yawing and. sid.eslip ohara,cteristics of ‘the va:cious spoiier j“ - .
arrangements are shown by the time histories of .figure 20 and. by the
va.ria.tion of gideslip angle with spoiler angle presented in £igure 27.
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The values of side-slip angle shown in figure 27 reprosent.the change in
slde-slip angle from the values for balance- to those corresponding to
maximum- rolling velocity. - R

The date of flgure 27 indicate relatively emall adyerse yawing mo-
ments at low alrspeeds and a tendency toward favorebls yawing ntmente
at high speeds. These yawing characteristics are more desirabls than
those ususlly assoclated with a conventlonal ailleron-control system.
The lower adverse yawing effects of spollers provide e decided advantege
for this type of control over aileron control in that.the rudder control
‘required in properly coordinated turn entries and exits ls lesa. Tho ad-
vantages of spollers for use with two-comtrol eystems- ie appayrent from
thege characteristics. The more deslirable yawlng characteristice of
spollers are due to thé predominance of the favorable profile-drog eof-
fects over the adverse induced ~drag effacts.

Effects of Altitudse -

Results of abrupb rudder-fixed rolls with Arrangement I at a proes-
sure altitude of approximately 27,000 feet are presonted in figure 28.
The curvee are simila» in character to the. corresponding curves at nor-
mal altitude (figs.. 2L, 22 and 27), although.therc are slight differ- .
ences in effectivensss and soms.increase -in control force. No sizable
effect of-altitude on the sldsslip characteristice ls.gpparent. : ., .

Characteristics rear ‘the Stall

In order to. obtain an indication of the latsral~cqntrol effective—
ness neeas: the sgtall, sasbrupt rudder~-fixed rolls. with Arrangement I were.
made during the early stages. of the atgll, Typical time histories are
presented in figure 29, in which osclllations -of the pitching veloclty
indicate that the airplane wase in an inciplent stall during thess tests.
The roll following abrupt deflection ¢of theo control was in the correct,
direction and the lag was desirably low. The pilots consldered.the lat-~
eral control in the stall region to be excellent, but these character-
istics are plrobably due in. part to the unusually good stalling pattorn
of the'wing itself (characterized by -an early wing-csntor—section ‘break-
down) - ,
Stalla conducted with Arrangemsnt III, for which typioal time his-
tories are presented in figure 30, showed that the spollers were ngt
very effective in qontrolling the rolling motions in the stall, particu-
larly with flaps up. With flaps down, the-control was falrly good.

The pllots consldered that the lateral-control effectiveness of this
arrangement in the stall was about the same as that. which woul¢ be ex-
pected fyrom ailerons. . . _
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Characteristics in Inverted Flight

- In order to determine the effectiveness of epoilsrs in inverted
flight, a maneuver was made with Arrangement II in which the alrplene
was rolled left to aepproximately inverted flight. While in this attitude,
the airplane was then rolled abruptly to the right, an attempt belng
made to maintain a constant rudder angle. A time history of this mansu-
ver 1s presented in figure 31, which shows that the spoilers produced a
roliling motion in the correct direction while in inverted flight and
that the lag was not excessive. Favoreble yaewing motions are also indi-
cated. The pilots coneidered the spoiler effectiveness in 1nverted.
Tlight entirely adequats.

CONCLUDING REMARKS

The flight 'tests reported. herein indicated that spoilers located
near.the wing trdiling 6dge may supply satisfactory lateral-control
characteristics which are in some respects superior to those of eilerons.

It was found that the spoiler ei’fectiveness s &8 mea.eurea by maximum
pb/2V  in ebrupt rudder-fixed. rolls, was approximately proportional to
the cockplt control deflection except for a region of low effectivensss
for small spoiler deflections and that the spoiler effedtiveness in-
creased appreclably with alrspeed, a characteristic not. ‘noywally asso-,
clated wlth .ailerons. The corresponding con;brol forces varied smoothly
and in the proper direction but at an increasing rate with spoller de-
flection, -end 'bhe control forces near neu'bral epoiler position were
very low.. : D

The response charactéristics and the control in ,im?_er_t.ed. fllght
and near the stall were found t0o be entirely satisfactory for the
spoiler arrangements for which these characteristics wers. investigated.
All the spoller errangements exhibited satisfactory yawing character-
istics which wexe more -favorable than .those- aggoclated with allerons.

"Changes in normal acceleration following abrupt deflections of the

spollers were not noticeable a:b low spesd;s and were not seriously ob-
Jectlionable at high speeds. e e T .

" {The results of "these flight tests indicate that the optimum
lateral-control arrangement tested was the combination.qf circular-ar
gpoilers with the center of curvafure colncldent with the hinge. line
and small plein. ailerons at, the wing tip.  In gddition td permitting the
use of large-spgn flaps, suc;h an arrangema};t realizes.the combined ad-
vantages of spoller yawing characteristics, spoiler. effectiveness (par-
ticularly at high speeds), and alleron hinge-moment charscteristiocs, and
hence possesses la.teral—control characterigtica superior to those of @&
conventional aileron systen. -
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The present test results also indicate that, should a full-span
flap be desired, a circular-arc spoller with a sultable plate normal
to the upper edge of the spoiler would provide satisfactory lateral-
control cheracteristics if & low degree of control feel near nsutrsasl
would be acceptable. The control feel with this arrangement, however,
could possibly be lmproved by mechanical means such as the use of
springs In the control system or a spoller upper-edge plate which has
a differential motion.

Ames Aeronsutical Laboratory;
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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Arrengements I and IT
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Alrplane Lo :
Type . . . e e e e s
Length (over-all) 0.

Helght (thrust-line level)
Tesgt gross welght. . . . .

Test center-of-gravity position.

Wing
Span « ¢ v 4 v v 0 e e e e
Areal - . L] L] : [] . (] . L] . ’

Mean aerodynamic chord « .
Aspect ratio . ., . .
- Dihedral of chord plane
Inner panel . . . o .
Quter penel . . ., . . .
Sweepback of leading edge.
Incidence of chord line with
Alrfoll sectilon

ROOt L e e R Y A

T i_p . » . . . s s . . ] .

Fleps
Type « + « « . .
Deflection . . .
Span (over-all).
Chord. . . + . .
Area . . . . . .

- s & e e
-
.

s e & a

-
« & o+ o @
-

Spoilers (each)
Type « v v v v v v v s e n
Deflection . . « « « + .
Span + v . o« 0 € 4 e e e
Radius of forward face . ,
AT88 ¢« v v v 4 6 4 e e e
Locatlion of forward face .

Ailerons (each)
TIPS v v ¢ v v i e e e e
Deflectlon
Left., . « v v v ¢« ¢ o 4 .
Right . . « « « + « o +

e = & s * e

e e e e
e o o o

s & & & o

e » = a e

« « + « .-Northrop P- 61A*5
e e . . 48 FE 9 1n,
- L‘. 7.1kt 8 in.
C e e e e ... 26,800 1b
. U.QTS'M.A;C. (gear up)

R

.. 66 o't

C e e e e e . . 6624 sq £

e v s LI A A 126.7111-
. “oae 6.7

. )+O
C el 20
e e e e 0%

Ce e e e 1.5°

« s o + o« « Zgp 15 percent thick
v e o« » » o Zap 13 percent thick

+Slotted {outboard pansls sealed)
e o n . « 2 6+ e a 55 £t
.o e 20 percent of wing chord
. . . L] . . . L 1.21‘ 6 sq_ ft

C e Circular arc, perforated
L] . . . . 65 up F] 27 50

e e, P8R
. . 9 percsnt of local wing chord
' e e e e e 9.5 sq ft

72 percent of local wing chord

Plain flap (unbalanced, radius-nose)

e e e e . . 22, 7 up, 21. 5 down
e v e e .. 21.5° up, 21. 3° down
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Span . . . o e e e e
Chord aft of hinge line...';_._.
Area.... L] [ . . L] . l'l..‘l

Lateral control

Type o s » . . . . ..n.-‘: .
' Wheel diameter e e e e e e

Engines

Typ‘e"\'. -OI . . .u L] .-u . . hu . .Ra:.d-ia]-‘_

‘Menufacturer . .. .. . . . .
TNUEDOT . v e e e e e e s e s e

Reduction gear ratio . . . . .
 Rating (each)

17

. e o o o & 5T in,

17 perceﬁt of local wing chord

e eieie.s o 5.5 8Q TE

et e e e e - Wheel
13.9 in.

f

air—cooled, lB-cylinder, double row

.

. = + Pratt and Whitney
- . L] R 2&0 65
O S 0.5:1

Take-off, . L . . 2000 bhp at 2700 rpm.and 54,0 in. Hg at sea level

Normal" . ¢ . .

Propellers (each) L D,
TYPE v & o v o v s e e e e e s
Manufacturer . . . . . « « « .+ .
Diemeter « « o o« v ¢ « v o &
Number of blades . . . . . .

1675 bhp at 2550 rpo and 44.5 in. Hg at 8&00 7

e s

.. Constent-speed full-feathering

" Arrangement III

Airplane .
Typé .. L] . L] L L L] ., - l’ . Q. l. l'

- Length (over-all) c e e
‘Height (thrust-line level)
Test gross weilght. . . . . . . .

Test center-of-gravity position. .

Wing v . A
Span . . LV . s e e e e e e
Area . . . -

Mean aerodynamic chord .

Agpect ratio e e e e e e e s
' Dihedral ‘of ‘chord plens. . . .

Sweepback of .leading edge. .

Ihcidence of chord'line with thrust 1ine

Alrfoll settion
Root. . & ¢« v.¢ ¢ & ¢« & & & &
Tip LY » . L] . L] . . L] L] -.l » :' -

Flaps (each)
T;YPQ -'- - ...-_ u . . -- - . A hd > . Id K

Vought-Sikorsky 0S2U-2 modified to

Curtiss—Wright Coxp.
- . - . L L) 12 ft 2 in.
e « s « s s e« e s Four

sccommodate. full~apan Zap flaps

e e o o »

..

e ¢ a4 & e & &

eus e wad et "31.0 PH
. e s o« . 12 £t 11} in.
e e e s L9

. . . . 0.28: M.A.C.

e 36.0 £6
. v .« . 205.8 gsq Tt

c e .. 72.5 1.
. . 6.3

. w * . T - -70)
e e e . g%t
e e =T 3¢

Zap 17.25 percent thick
Zap 12 percent thick

- Zap circular-arc
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Deflection. . . . .

Spa-n- . LI a 3 . .
Areg. « « + + « 4 .

Spoilers (each)
Type. . « o« « .+ .
Deflection
Left . . . . . .
Right. . . . .

Span. . .
Ares (upper plate)

Lateral control
Type. . « . e e

.

Engine
Type. e e e e
. 1. Manufacturer. . .
Rumber. . . . . . .

Stick length. e e

‘NACA TR No. 1123

e e e . 41°55¢
.15 £t T in.
19.16'8q Tt

¢ & & e

4

. Zap plug-t&pe vented

") 37.8° up, 0.75° down

. 42.0° up, 2.2%d0wn
10 £t 4.8 in.
13.46 sq Tt

e & o .

. ;-. S8tick
, 35 in.

. Redial, air-cooled, nine- cylinder, gingle-row

Reduction gear ratio. . . « « « « 4 « .

Rating
Takﬁ-Off * '] [
Normal . . . . .

Propellers
Type. « . . .
Manufacturer. . .
Diemeter. . .-. . .
Number of blades...

The details are the

lows:

Spoilers (eaoh)

TYDO: o o o ¢ o ¢ ..

Deflection

Loft o o o v.u v

Right. . L ] e .8,

. 450 dhp at 2300

. 400 bhp at
* ¢t . e & ¢ o . 0

*

s » e o

Arrangenment IV

. Pratt end Whitney
R-985-48
. Direct drive

rpm and 35.5 in. Hg at sea level
2200 rpm at gee level and 5500 £t

« « « Congtant-spesd
-+ . Hamilton Stendard
0. 8 50 £t
Ce e SR ‘Two

v

game as those for Arrangement III, except as fol-

. Simple circular-arc

- ' u7 wp, 5.5° down

52 up, 8.5° down

Vought-Sikorsky 0S2U-2
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Length (over-all}. e e 4 e e e s s e s e s e s e e . 30°Ft1in.
Height (thrust-line level) c e erecs e e e e ete a4 .12 T 6§ in,
Test gross Welghb. v v vo v o 4 4 ¢ o o0 o 4 e 0 0 0 h?l? 1b
Wing . - T
SPaml o v st e 4 6 4 s e e s s s v s s e e & s e e s 35 t 1011 in.
Area . . . 261.9%8q £t
Mean aerodynamic chord e e e e e e e e e . . 89.5 in.
Aspect ratio . . . . e e e e e e . e e . . k.g2
Dihedral of chord plane et e e e e e e e e e e T°
Sweepback of leading edge. . . e e e e e 0°
Incidence of chord line with thrus'b 1ine . v v v v v 3°
Flaps (sach) :
Type « « ¢« ¢« ¢« «+ « o « « .+ .« Blotted-deflector-plate, spring-loaded o
decrease deflection with increasing loads
Span .« . 0 . e o« « o s &« « o « 51 percent of wing semispan
Chord. aft of hinge line... « + « « + « 23 percent of local wing chord
Ares aft of hinge 1ine . . . . ¢« ¢ © ¢« + & o o « s o« 17.5 sq £t

Spoilers (each) .
TYP® « ¢« ¢ ¢« o o« s o « + » « Flap-type, ventilated and paddle-balanced
Deflection

Left. « « « & . e (e I 0 up, 3. 5 down
Right . . . + ¢« ¢« v ¢« o« & T e e e e s s« s . 53,0° up, 3. 59 down
3o .« e (8 percent of wing semispan
Chord, average « + « « « ¢ o o o ¢ o o lO percent of local wing chord
Area . . v 4 e e v e . e e e e e e e e e e e e e 4,98 sq £t

Ailerons (each) = S
Type . P . . . . . 3 . L] . . FriBe

Span . . . ' e e e e e e 3l percent of wing semispan
Chord, average aft of hinge line . 17.2 percent of local wing chord
Ares aft of hinge 1IN6 « « o« v ¢ 4 4 o o » « e e e e« B6.7 8Bag ft
Droop. « « o o o . B T S T 29 at full flap deflection

Lateral cortrol
Tme L] » L . . L] . i L - - L] L) L] . L] L . L] L ] - L2 L 3 1 ] - L] . 1 ] . Stick
stick length . - L ] L] . . - - » . L] - - L ] . 1 ) » L] L[] . » . . . L] 35 in.

Engine

TYPE® « o « o o o« .
Mamifacturer . . . . .
Fumber . « 4+ ¢ ¢« ¢« & &
Reduction gear ratio .
Reting .

Take-off. . . . . .450 bhp at 2300 rpm and 35.5 in. Hg at sea level

Normal. . . « + . . . k0O bhp at 2200 rpm at sea level and 5500 f%

Radial, air-cooled

Pratt and Whitney
s e s . 3—985-50
.« s o a Direct_drive

. (4 [3

e« s o s

« » e

e e o @

» & a e
. o

» & o

"~ & = »
s s

« & e »

3 . . .



20 ’ NACA TN No. 1123

Propeller : S
o e e . Conetant~epeed.

TYPO ¢ v v 4 v i s 6 s e e e e e . .
Manufacturel v ¢« o ¢« v v v v o o o 4 o o s o s o » Hamiltcn Standard
DIaMEter + « ¢ o o o 4 ¢ o o o o v 4t 6 s e s e e e . s . 8.5 ¢
Number of plades . e e e s . e o e o e o s s

. . Two
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Figure 8 .~ Wing and Flap section contfours.
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Figure 10.- Vought-Sikorsky 0S3U-23 (Zap) airplane with s?
ers and flaps fully deflected. Arrangement I

oll-
I.

Figure 14.- Vought-Sikorsky 0s2U-2 (Zap) airplane with

spoilers fully deflected. Arrangement IV.



NACA TN No. 1123 Fig. 11
R

I

Contro/-stick
lergth l&f’/n.
{

|
i
1
NATIONAL ADVISORY COMMITTEE )
40 FOR AERONAUTICS : /

LeF7t - gkt / 1
\ sporfer spoifery] |

\ /

2]\ ‘

F0

® /
3 \ /
¢ \ /
b AN
e 3 N
< S AN S
X g \< /;
N n P
3 0 S A
i N 1

!

/0
S terr ¢ o 4 ight ©

Control/-stick position,in.

Figure Il .—Variation of spoiler angle with coniro/-
STick position under no-locad condriion.
Arrangement .



NACA TN No. 11233 Fig. 123

NATIONAL ADVISORY COMMITTEE
FOR AEZRONAUTICS

7 1’4

12=11#

Fligure 12 —Three-view drowing of 7hHe Wughl- Sikorsky
OSZ2U-2 (Zap) arrplamre. Arranaements I ond I,



NACA TN No. 1123 . Fig. 13

—Hinge /7\

/ine 0SBc

SpoxVe}*

—5/2cC

Chord
line

Inboard section

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

AN

O&5¢c

Outboord section

Flgure /3.- Spoiler and Flap, Arrangement IZ



NAOA TN No. 11233.

! I 1 l |
‘ Contro/-s7ick |
| /eng7|"/7 25 in. )
|
50 NATIONAL ADVISCRY COMMITTER {
l\ FOR AERONAUTICS
40 \\ LeFT 19/_'?/)7‘/
sporler spor/er
w0 \\ /
_ \ /
> \ /
R
) \ /
S /0
N
S /
S S \\
ST IV
Q
Q 0 N 3N
2 § § / \ |
Q | / i B .
° /06’ 0 4 I &
A
/1eFr righ?

Contro/-stick position, /7.

Fig. 15

Figure [5.-Variation of spoiler ang/e with conrrol/-
STk position under no-load condi7ion.
Arrangemert I,



NACA TN No. 1123 Fig.

balance

Lateral/ control/ surfaces

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

M‘ LDefFlector
/ plate
_ _ £ Lﬂ _ _
%//// . 0.23¢

H/'nge line

Flap

Figure /6 .- Lateral contfro/ surfaces and Flap.
Arrangement IZ.

18



_ . : . . k f
- \ - v +: )

! ) i S A
P | . . . . . .

R : R S '§ i |

: v - - LI S :

. i . H . : P : i i o

. N . . LB - - oL - . P

Co b |- ;J- - .

T . !
R I . R : - qﬁ*-—‘i !
e T Y o ot [ RV AP Fype i i 4 QMF!- Y MR IR e

17.- Vought-Sikorsky 0S2U-3 airplane with spoilers and flaps fully
deflected. Arrangement V.

‘ON NI VOVN

£S1T

LT "3Td




NACA TN No. 1133 Fig. 18

C" on 7‘;-0/ -5"7‘/ck l
length I8, y{l
l l
50 NATIONAL ADVISORY COMMITTEE /
FOR AERONAUTIGS | / |
LeFF Right /
20 Spoiler swoller |

/
20 /
| 7

o |\

g /
- AN
3 .
o /L L
.g O /\J\ | \// / |
" 4 NN .
NI 3
S o )
/0
G rerr ? © * pigrt ©

Control~stick position,in.

Figure 18.—Varialtion ofF spoiler angle witt control-
stick position under no-/load condiftron.
Arrangement 1.



Fig. 19 ' NACA TN No. 1133

NATIONAL ADVISORY OOMMITTEE
FOR AERONAUTICS T

|
3\
y

-, e

Q -

Figure /9 .— Three-view drawing 0/-_" the !/cwy/ﬁ‘ _ Sikorsk 3%
OS2U-Z arrplone . Arrangement .

o
it |

¥




O

/

E‘nz'mge}men;‘ I Ar"mnéeménf 7 Af'-mn_(,;eme'nf I Wenf‘.ﬂ' Arn':mgénem" I Arlmn_glemgyfﬂ
b 1O mph | V- 335mph _+ V- 1E5mph — - 380mph | __V; 92 mph V¥ S6mph __|
~ Ve /]

Contro/-
surfoce
angle,deg
N
o

Fordy

)
)

Q

Lateral

control

Force, b
S

g: R
40
§8% 4
38N €5
AN
Teh
3800 5
38V 8

S

N

Acceleroton
Foctan A,

Qb

Lt
P—

Ateron] [ Shaiter \ /
B Spoiler K =
Spoiter Spoifer Spoiler
L] / >
f |/ [~ 1
e T |
¥ \ L

7ime,.sec
L2183 s s an Al
LN/ &Y SF LA LS

Frgure 20 ~Time bistories of abrupt rudder-fixed rolls.

/] || /]
=3 T R oW |———
APy /f Ej” =Yi / ol " \\_,_/ﬂ,//
AV
. N
N
e
\ 1/ N
N
D \
z 3 4 0 Z 5 4 0 [/ 2 3§ 4 0 Z 3

Ayt F e e
QOG TR,

2 3 0 + 2 2

*ONf RI VOVR

eB8TT

Bog ‘914




Controf-
Surfoce
angle, deg

/eFTt

Lotero/
conrro/
force, /b
Jerr

Apguiar

velocity,

rqaysec
fefy

eg
£LFY

ongle,

Srdesiip

qoz *314

A;mn_glrem ent I Ar'ranéeme'n‘fll" Ar;rung:eme‘rz;"ﬁ?" A;'/'cm_(,;emefnff /lqrmflyge”;enf.t’
W S7mpt | Vi S8mph | V- L2moh | v 23 mph_| V- 93 moh
, i I == N,
R ]
20 —
A"@"‘?’/ 9 Sparler Spoifer
1 T : “Sooiler
V-,S‘poﬂer "'\ Swoiler
ol Lt L1 [ L/ L |/ /
AT T TV TS A il
v \ \‘ =
40 \ — :
y V] |
o -1 1 rww G
N |~ ~ 1] Lol S .
< | ot ot \ L Bols / ? ol
- pomr” ’
10
WATIONAL ADVISORY COMMITITTE
FOR ASROXAUTICE
.0 \\
T~ L
5 AN I o
] Tt
0 N
. ]
0/2340/23401234012.940/2-34
: 7ime, rec
(&) Weve -ofF condition.

Figure 20 — Comchuded.

"OR N1 YOWN

®2TT



NACA TR No, 1123 Fig. 2le
08

Errc!nge/l'nenT = M

04 - P4
I PP O
74 t---=-- 167
% x — 222 7|
3 - 275 .

O o—--- 336 —
j;( A——-387
P4
O / Z: Aé
4,\ ,f ¥ :
N L —) =
&, 0’*1’48’ 2 ) P g’
08 . ,;;—&;r;"_____@ fe¥-
X . o) 12 _1p
§ /A? t-———— jO8
E n//-p-/m—r' X—--— 286/
3 yo/E;,;x ~ B—--— 332 —|
& T A
X 08 o, d¥o- 04
" , /’-‘ 4
S A4 3
™ : =
E 4 o / b
s, Y V;,mph N
m / o S22 %
T———— (55 T
p J/ S
} //’ §
A KATICWAL ADVISORY OCMMITTEL 3
/—/ R FOR AERCKAUTICE s
04 /* £ - o8
+ y * 4
éj: A M x :5}
* 08 % A o4
2 = :
ey / V,mpf?
big AX o 83 _|
N b
e
— a /196 —0O
i 04
4 __(/’; x/ .
P &
’ 'x &
28
60, .. 40 20 5 20 90 nr €0 -

Chahge in spoiler angle, A8, , deg
(g} Power-on cl/ean conartion.

Figure 2/ —Variation of maximum pE/EV with spoiler ang/é
' in a@brupt rudder-fixed rolls. -



Fig. 21b KACA TN No. 1123
08
Arrongement
b3 [ .
S LI
< NATIONAL ADVIBORY GOMMITTER
04 FOR AERONAUTIOB ~
+,
z : .
o
o8
4 d---T"* S
o4 p — g
Y f /'ﬂ/e/—e’_’ g
N Z P + 04 -
S i Z 7
3 A P
08 = *,?,/ Z 4] Vi, mph__
5)’// > ///V . /35? :
== ~ u ! o -
///
o8 K e e e
o
3 / e 04 -
g’ e 7
il B ¢ v Py
o4 > = S
& ‘//-«—T _ . /G//, Vi mph ~ a
%\ - 7 gra o ! :92 — 08 AN =
P t--m—— /22 R -
g o = g
N //—' 3
‘§ ’+/’ 08 .E T
S 7 /Va X E
s ” V7 ¥
o4 —¥4 S
Z g
1/ T Vlmp/’ 04 -
¢ A
o ———— —
08 74 K—-— 94
A%
o
.08
g X o4
2 /3
v .
04 2 v omeh— S
j T, Mp v
Gt e 68
< < o — e 94 o8
) ” X———— /03
o -
o4 7
/¢
b I/%QV
3 -
OF =
60 e 40 Z0 ) 20. 40 right 60

Change in spoifer angle AS; deg

(6) Wove-of F conditioh. : o T T
Figure 2/ .— Continued D o e



NACA TN No. 1123 . Fig. 2lo,4
08
by 3 .,J-
g\ Arrongement )‘/{ j,;;//@
&‘c 54| NATIONAL ADVISORY OMMITTER i I
- V. mph
N 7 g SRR
S %"  4-~--— 193
S 0 Z X—— - 283
S _ o384 —
N e 08
é /G”// .
T o4 <X # S
o et by S
& e 4 o4 N
Ul 4+ / N
~ + /
. T v Ve, mph | N
o8 ) 1 j—__._ / ;?? %
=T1° 3§
7 £
- §
& o4 X
_ A , &
60 40 ¥ 20 g 20 40 N-17j 2]
lef. : <
er? Chonge in spoifer angle,AS;.,deg rgh7
(c) Glide corditian. ya__
08 _ tr
B~ j ) ‘ r / +
< Arrongement 4
2 ‘ % 1
L 04 il L
/ P
Y &4 o—— 92
S 1 bmmitm e — [22 T
S ¢ -
£ A .08
. o / <
/ 1z
e 7071 Vi, mph 9% X
5, ARSI o S
D8 - L fermme— 98 ——t .&
W X —— o3
— L : o §
. 7 3
. {9: _-g
A S
oF o4
L~ .
b3 lk
. <L
60 . 40 Zo o .20 70 . @80 %
eFr . ﬂgﬁf
Chonge in spoifer angle, 4s,,deg '
(d)Landing rondition. '

Figure 2l - Concluged.



Fig. 32a ' S _ _ . NACA T¥ No. 1123

ol -
80 Arrangement - 4 ?T
:E nd A .
S ;"
< NATIONAL ADVISORY OOMMITTEE /[,0/ s
40 FOR AERONAUTICB A jg
// e / P
I ',Z'f‘x-///ﬂ;4
o 2 = Vi mph |
.,—G:/ - O O
19/‘?/»/1_,/,5’ t--—— /67
=1 M i e
s 47| 1 A
s 0 + . it Vil o—--—356
Q — o——- 387
" e ped ’
TS Y
g ¢ o f
S 80 40
S k)
i /e a- /;};, <
‘g = ST Vi, mph | o Y
- i
g e Sk o j2 -
X * tom—r— /98 & N|
? r——-— 26/ g ~
< go - o352 40 y
< . . é
g < VY g
g 40 / w5
S / 8
© brid J_/+ O
¥ o4 B
O . — ,’, ! .’§
ﬁ/ yf.l mpb ‘Q
Y o——— 92 N
7 bmmmm—m |55 py
/ o
40 J - i~ 60?& g
& . i 5‘/ 20
g : AT T
80 y 40
/ / /ﬁr
P e+
== agl K ) mpb—_ 0
. - ’+’/ o— £3
1--1 4 R —— 955
S ==/
X - —
< A S 40
/ T <
X
80
: o . o
60/ef7" 40 20 o eo 4 /‘/9/#6

Change in spoiler angle, 48, deg
(@) Power-on clearn tondition.

Figure 22 .~Variation of faterol control Force wirh spoifer
ongle in abrupi’ rudder-Ffixed ro/s.



T,

NACA

Change in laferol confro/ Fforce AF, /b

. Fig.

TH No. 1123
?5 40 lArrangemem‘ ] éﬁL
S
N I
C ,"’5355
3‘5 s ,;,5—”%
- o
~ 40 "";/1/ \d O— -=-- /65
40,
3
T <
S O 0
[0 - T V{"J mID/;_
> 107 -
T A ————— 48 T Qq",
NATIONAL ADVIEORY COMMITTEE 1.," o 40\
FOR AERONAUTICS 7 /
/ o]
v« 40 4
< ¥ s
S /] Ve mph
< _Z ,pa__
. z A;g/ e ’*92 ’
o) =] to————= 22 ]
71'
. ]
NN =4~
g ¥
40 £
I
{4 /ﬁ
: 40
;/ (r’ %’
v 7 o <
| eE o i Vi, mph Lo
— T
td + - 7 3
=T x—-— 4 3
*T’ 40
R 40 .
> =
k -~
5 V., mph
M 12 770
] : o 'gg —]
”~ + ——————
& o{f v " X — D8 —]
g ==
40
60 40 20 O 20 40 60

Change in spoiler angle, A& _,dég
(b) Wave-afF condifron

Figure 22

~ Continved.

Change i latero/ confrol force, Z]/—; /b

22b



fig. 23c,d

Q
Q

roht

A
Q

A
L\

lefr

Chonge n faferof confral force AF, Ib
3 o

o 3

N

R
LV )

Chamge m loteral contro/ farce, AF , h
et
I\ Y

S

NACA TN No, 1123

Arraongemen? /,o i}
z ‘ // z /’,{t”
o g
|_NATIONAL ADVISORY OUMMITTLL 21" 7280 A -l
FOR™ AZRONAUTICH TR e s
ot 2 | ::;:.::égg__
=T o Ok o = e
- v ’l Pd ’l ! o_--- s
- 7 Z=I1352 a0 N
ALy iy [ 39
7T s %
+ — L——_ ERS S .E
] ®
v, m
| ° l.’PZ(M .y E
b (85 :g
=]
_ T U I
& 40 ac 40 . 6O $ S
ref? Change in spoller angle, A4, , ooy rieh? SC >
(c)Gl/ae conditien,
_ -
RN
Arrongemenyt f ot -
_ g = L _AL;,?A_%
o’ /4
e e 58 _
| | e £
..... G
/ e
190
-&.
] ot
J . I V., mph
G el g
Z, g l;—:; E "‘
| e . o §
B jepr 72 2 Fight®® &

Ehange in spoiler angle, Ads, deg
(GLanding eenaition,
Figure EE.= Coneluded.

forpe, AF, b



£GP - SnOo/fEr

3 e /09 ! / ; Q Yrd
- B “——u 2 4 , ) DI 1/909
G —- 25 T £ 200 — 4283 ,
e RV a I
“ ‘E’ T Lﬁ?’ ’f Il ’/ / gg Il' /
§’§ g (A ! §,‘§ 00 AVARRY
g L /t /‘/K i ' v ?g)g S AN ’I IA/ ’J/ //
N T T 28 =) T 17

:% 0 \\\ \ /’/: S r/_J/ / X % o ---——?"\“1 ) // | (// /

%.% = - - __'___/ g N -

NATIONHAL ADVISORY QOMMITTER
FOR AERCRAVUTIOS

=
\
g

] / ] . AL
) / , . {o 7/ J

'S\: N/ / -’4 ‘f ll 4[’ /

- hw ,' ’f Il k \;w / nJr
£R i ¥ / / 8 § / /
S [ 4 A X L la L
3 /1514 V] 38 'y 1A
'.9’ 00 o ,/ £ ?g,m / /. P
* . /) 1 % ._lf/ = ,:‘/ e 1 ]7
3, \ AW PG T 50 e .y o
N N _ £ srall — g %‘a L) P

N o 7 N a

} ;

O TTH o O e B0 A0 &0 0 T Gonm O g B A0 60
Kigt' - spolfer arxgle,deg Righr- spoifer arngfe , deg
(T) Power-or? chaar?  carxlif7ars. . () Glicke caridifiar:.
rrgure 23 - Varralion of rght-sooifer acrodyrianrrc Frgure 23.- Corwtinuved.

o .
and’ roral Firige rrxoeravat witf! sooifer arigle

7 cabrupt rudder-Fixea rolls, Arrbnyemenf I

"eN KL YOYN

2211

q‘ege 311




-
Vi, rmah7
Q )
———
‘t A0 T — . A 459
RN
3%
S%gm
%5,6
238 L A
\_b\g LN ) 1/ .I’Il
TSR~ g A
< == %F =
40
NATIONAL ADVISORY OOMMITTER
FCR AXRONAUTIOR -
%zm :
)
o
8 )
3 A
é . x
) 5
DY o
g P e
g

Right'-goorter arngfe, deg
(C)Wave-o/% carscition.
fTgure 23~ Concluvded,

1600 f
of
J Ji
r1)
/
1200 f -
? ;o /A
. 7
S {1/
16 " / /n _,‘(
& S AR
E // / /' /,
§ 200 /A,
74
174
%ﬁ 4
N Vi
<
0 1
rd
S o
b A
3 200 /1 /
4 }{ ! ! . Lf'i!?3522
E . . o ....’V. ' f../ G/w _
3 7 /] e 0107
’
Et 800 *ﬂL/ A : — AZM _ |
_ / */ —=- o335
fl — 387 ]
o
200 /’ f
/
’7
0 T a0 e B 20

A TS S

» hraed
Righir-aiteron @k, deg
(@) Lo -an oo canaian.

fixed rofs Arcongemant I.

Clgure 24 ~Veariarion of right-alerar ringe o~
ment with aifercrr aragle inobrupt rodder-

ar
y

- FL ¥

gy

"ON AL VOYR

2ETY



TTIE

B
Lo "
17
200 /.’ T
R A
.S‘ ‘m / #[_, ’/I
‘(E A/ o
% 717 -2
§ ‘m Ij// '(‘ﬁ
'
¥ -
B 5 .
N CilNa
%’ o A7 af,'/
94/8{? A/ A HATIONAL ADVISORY OOMMT
VA FOR AERONAUTIOS )
3 7177
)
BNy ~4o0 2 L‘]
“ 7/ f I/f';m
) / ) — 7 _]
s V177 e
.Q -800 / 4 —= a4 283 |
¥ / —--038¢
J
w00 [
O 5y 0 comm O oo 10 20

Righit~arferon angke, deg
, (6) it condiners.
Frgure 24.- Continved.

"1

1200
Y
g W
~ 800
",E ‘A/ P
y <0
\ =T L
400 e
§ VA LT
N A 4
g) ~
) //
‘Q 0 ,/_/M
N “
e Qr
Y-
? ¥y, ety
+, —0 5 __|
5, -8 /25
Q _m '——_A/&B —
00

Rght- arferon angl/e, oeg
(c)Werve-ory coridifrors.
Figure 24 - Concluded.

£8TT "OK RI YOFK

o'apy "Bra




q'vge 314

agla n ebrupl rudder-Ffixed rolls. Arrangement d,

FL

"GN M1 YO¥A

—
20 /d/ ) '
Y | yoomen | N / o I
| LT 4/ o Data measured directly | 5
———L_‘_—'—— I~ : 1~ 2 y .
o ] / Cormpied data: Vj 283, 1
So— oL rreasur o a?mf:/g 0 T/ ----- %2/ fer~ cm;‘r/gu;{bn 20 / 7 -_
CM}OU)‘&’G{ oy - a ] —_—— PO OO or? . o} A
----- SOOI COrmr RO 1/ Fi i —Jola/ { ‘Z/
*'%M Cordfribedtror 7 ‘l{ // .
40 & - Vi 7 20— t——— — 20 ey// :
Y Vi W7 rmph & ” 4
g‘ /] :‘g // i o :g) G jﬂ el . *'g’ / ,—4/ .
| W /gz,,;a;,/‘;/—-—? N g s ;\: N L= o R /‘/‘ | -
%} /r//, _p 80 / F - NATIQNAL  ADVISORY QOMMITTEE
R ’If;, - 8 FOR ABROKAUTIOS
ok
‘g / A g 2
Q
S d % //L + % & : i
- N . K /; _ i I N
% Rkis ol O, 20 ) $ <0 A0
N N7 717 S / /s
g f /A 3 )il 1//
§V // . // £ V/; /-99-’77/9////' 4
£ 20 t < 20—V 3Fmp - g 2o o4 zo—f-Y Btm
S Y < 4 % 2y V% / 4
% ) / 1 1.4 88 y 4 / & P
‘9.’ g ~r ) 7 = U ‘Q’ 20 A :g'.‘ -
K ——‘___4-’ {- B ~ k |- - t L g
OS5 e 05 ey e o5<
e 0 O right 20 S rvgpit A &0 i 20 40
Change i1 spoiler angle,48, ,dog Change in spolfer ongle A8, , degy
(@) Fower-an choar Coridifiar. ' W) Glide corxdirron.
Figure 25 .~ \Variation with soois agle of faferal Frgure 29.- Contireed.
carros foree, as computed 1rarm finge— e

eslt




Change in lateral contro/ force, AF, ib

right
\I

o T

e Dafq measured directly
Computed data:

== iler coniribution

—-Aiferon confribution
—7Jotal

: 96 mph ]

N
A\

S
° N

=K

1

right

]
A o]

o
\
1

|

HATIONAL ADTIBORY OOMKIT
" FQR AERDMANTIOB

by

3

==

20 » 1ESmph |

INEAN

-

0 g

LA _ 168 mph.

o |~
o 45

Q

r

righ?

Iy
rd P

0 4

e . 20 40 s
right
Change in sooifer ongle,Js, ,deg
(CWave -of F candition.
Figure 25, -Concluded,

[
Q b, mof; // 7,'_ 71/
h o/2 /
R ,
RS — A 25
L&yn 53, oL/
7S [l ¥
<+ Wg A /
&E A2/
w3 Q.l%.) y) '1
X} _ v
< O [ v ,/,’ "
F0
?
g
&:_.2(2)
<<
ag /
{Le 7
.t_h%) ,é_/,/-}:/
& o -
3 ) et
P -
A7

20 oW aQ o 20 40 60
Right - sooiler angle, deg
Frgure 26 —Varvaticn o rigli-spoiler aerodynarmk ard
Tofaf Finge mamerit wWirth sooi/er arght in
abrupt rudder-Fixed rolls, Oower-am CAxar?

...... e S e ., P S - o
LLAITIP IS ﬂFPUI?yE”/G’ﬂI 4 A

‘AN XL YOYR

ea1T

g2'ogz “efryg




Fig. 27a

lef’ righ?

Change in sideslp angle, A8, deg

right

left

/10

S

S

/0

'NACA TH No. 1123

1 »
Arrangement
o
ya
| o > —C——0
-2 ] ﬁ_ﬂ?_acﬁ:@;&s%b X
R . S - V., mph
0 109
o mmm—— [O2
X n— 25/
o 387
:’O*
3
x. L P""Q o C - N
[T b ] S
i e e IR P
lo——1 '_ﬁ_:ﬁ;—x—x——x
| Vi,mph—1 &
o /12 ), ~§’
I~ NATIONAL ADVISORY COMMITTEE Fomm 198 e X
FOR AERONAUTIOS x -—26/ Q
g——--—352 N
Q.‘
- ® :
] o
. L 1
:-l-f\l-.—c o, )
q ++~,h+ ,, An;wb Eﬁ v
o 92 S,
To—— e /55 )
]
&
/0 N
. &
~§) ¢
yivd T
ﬂlrct_a. = o dmm) 4*—*-790——%*‘3* Rl o 4
I Vi, mphs
o az &
rm e 955 Ry
Xoan e /2/ 10
T
0 40 20 0 20 40 60
/efr . _ right
Change in Spoiler ongle, 48;, deg
(a) Power-an clean conbition. »

Figure 27 .-Variation of sideslip ahigle with spoiler angle

in abrupt rudder-Fixed rols.



KAQCA TH No. 1123 . .. L Fig, 27b

ey 10 Arrangement
O
N, :
0 +_J___’__ o ;"EL:‘#D— o GO T L —— -t 1
b— oo ‘ o e N
2: V(Jmpb ha—
3 oO— 96
P $mm———— (25
NATIONAL ADVISORY CCMMITTEE x /68
FOR AERONAUTIOS
10 «
1%
P~ | /e e
‘\w\“___ ’_.__{‘k-_ﬂs_
o< Ve ,mph
o o—— 07 T o
——— e A4 Q
g +— S 0= %
Q X
< /0 N
g R o
S S ] S
NN r 3
S s}
% o > IO %‘ .
3 & v, mph A
3 © 92 9
< = 10 tm————— 22 N o
o v
NS [S,)
°% 4
& S S
Iz s
A o (0
- e ;—-ﬁﬁ’* 0
V-, mph
6 64. t
F-=———= 77 10 ¥
x -— o4
/0 -
3
.S
N X
o sl O] =
i Ve, mph
‘4': o———— 64
9 —————— 4
10 s
) Z o 0 0 .
6 Py 8] 20 20 4 rght &

Change in spoiler angle, AS; , deg
(b)Wave-ofF condition. ) ' B
Figure 27 .—Confinued, - :



Fig. 27c,d

right
3

& deg
o

angle, A
feft

Change in sideslip
N

b, deg
right
S

Change in sideslip
angie,
lefr
\)

3

NACA TH No.
Arrangeméhf
A P
o
e ST PR M. =L oE2 Y it
e e
o ° N7
o] Fo————- 199
x -— 285
b—--—384 -
NATIONAL'ADVISORY COMMITTEE
FOR_AERONAUTICS /0 1.
&
/A
H"‘”»———-«:#*“”’q o
| v, mph
o———— 92
o 55 3
l I | 0 ~
60" v 40 20 o . 20 40 ., %60
Thange i spoiler angle, Ady ,deg %
(c) Glide condjifion.
Arrongerment”
/A
. %“¢~ﬁ_\~ -
& \‘\;‘__“(-
: Vi ,mph
° 92
—————— 122
10 "
]
BN
Q
Jk-:-:nﬁnﬂl o ey n:_ﬂ-_::_xi:e 0
l Vi, mph
o——— 75 “
N — 23 3
x -— 103 w0 X
60, ., 40 20 o . 20 40@“

Change in Spoiler angle, AS,, deg

(@) Landing condition.
Figure 27 .- Concluded. i

1123

Afb deg

€

angle

Chorge in srdeslip

e, A5, deg

ang/

rl

Change in sideslip

+

o
o e e

EL I

e 5 1 SR

L]
Al s



to

Lo ®
4.2

X
4 =

Ll

right ?
N

)

@

188

e~ 278 _]

Ko n e 329

¥, mph_

N

Maximum pb/EY

. jfeft

™
Y

Y

D

X

ght |

N
P

pal

\+\w
RN

control force AF, /b
A refr
A

Change in letera/
S

)

right

S

T

_15

JeFr

Chonge w sideslip
ongle, AL, deg

0
69 o pr 40 .
Change in spoiler angle, A8; deg

40 ﬂp/)f(sa

Figure Z& .~Variation of maximum pb/EV, conirol force,
and sideslip angle with spoiler ongle in ab-
rupt rudder-fixed rolls at high alfitude,

[OOweEr-0r cféarr Canayrian. Arrangeamrt' ]

Cortro/
rorce
/b

Anguilar
veicy,
red/sec

Angle of
sides/ip,

Normaf

aceeraton

roclor, Az

Indlicated | -
arsosedmp o 2 4

co:lﬂman

Landing ]

‘O KL YO¥K

b

lT_/IPw'f’er

WerLoteral

e

£21l

£
T Yaw

S

0 2 4

7lirme, sec .
Figere 29— Time histories of abrupt rudder- fixed

ol near stel. Arrangement L,

“aETg

8z‘agz



[~ Glide ] Landing | | o
e difion ! '
Control R ey m‘ﬂ‘}:‘:"‘ &' e ir\wmfab?
onitro/-  pappfl--—17 1| B il Ty = \L Y L - ler
surfoce ug'? s __[_{E:af'?ef‘_ @"21__{\ C‘om‘g:/;urfc‘;ce oY s s j ot
angle, M ‘rgp;’.b, Fudder* / agle,deg | o A
deg 20 Spoiler=: 29 VAR
- Lateral cortrol ©7 Srr VI A
A0\~ Flevorr T ree, o OV ;
] */—"[: -Fevarar ;T\ 7]
20k . e £00 20
right fiaterol /'\ AN '
%ﬁcﬁzi don®) T 2 /'r 7 ot 150 y =
# """2"0 aferal |, froe, /b 100 VAR |
mgit |\l
5 ol S50 : N
Argutar  reght v r’ - | / \/
wvelocrly, O | )-\__ﬂl‘—‘(’ -»..\q_j\"r[\\_ . . a I A //\{ﬂ’”
rag/sec  fefrt N 9% )‘Zm/j \ Anguiar  right u4p \ !-.‘ = Frch
.5 Vﬂm#y! o Yo T I -~ "-.\c ;{_m
L . Y fers d‘?} | Le Approximore
5 == K _ -
Sides/ip N NN | inverrted Fight
ang/e, Vel % — X g 7Y
deg N [~ T Angle of c / \
] srdesiip, g / TI \1
/fefr
/ I O S S TR T .
Normal = Nermat //
" MULT
i /| v azrosauTIOS Foctor I \//
=% 4 g0 | Az o —A
Indicated / LA
£E0
arspeed, €0 < 70 e . Fkrored N V7
0 75 &0 R 2100 ——
0 2 4 6_8 0 £ 4 ¢ & 0 2 4 6 & 0 /2
Foure 30~ Time Historien o shots in which spolers  Fgure 31 -Time histery of e e spodlor efichive-
e = mme 7es of 5 /2 ~fimre of o rmnewver e XY,
7 hone were vsed 7o alfemp? conirol. ess in %/wknafe& Frverfed fg'gm_';,aonw-—m omazs?
Arrengement I, CORGIFRY?. Arrangesreyir .

" T 'y ok ¢

1c'oe redry

"OX ML YOVA

2211




